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APPENDIX F 

As described in Appendix C, essentially all of the constituent analytical data obtained during the search 

phase of the project was obtained from records at the FEMP. These data support development of data 

generalizations used to directly represent recycled uranium receipts at the FEMP from many of the key 

DOE uranium recycle sites and also cover many of the material types of interest for this project. The data 

is also directly applicable to FEMP shipments to other sites. This appendix describes the processes 

employed (both statistical and process knowledge) in analyzing the constituent data sub-groups to 

develop representative values for the many constituent mass flows in the FEMP data set. This appendix 

Blso addresses the application of the data to represent the other sites covered by this report. The ultimate 

use of this data, within this report, is to provide summary mass flows of constituents to and from the 

FEMP and the other sites included in this report. 

F.l DATA SUB-GROUPS AND DATA USE BACKGROUND 

As described in Appendix C, the FEMP analytical data was sub-grouped along logical chemistry and 

process and production stream lines to provide useful data categories. The sub-groups are identified in 

Table F. 1- 1. The sub-groups represent the result of several iterations of sub-group definitions. Initial 

sub-groups were defined and redefined based on the results of initial rounds of statistical evaluation and 

based on the determination of the need for additional precision in the definition of data sets. The initial 

15 sub-groups were increased to 19 sub-groups to further segregate data into useful categories for 

application. One of the additional categories was created for A508 U03, materials from the Hanford 

PUREX process, to differentiate between materials that had potentially been combined with other sources 

of U03 at the FEMP and those that were purely representing “virgin” A508. In general sub-grouping has 

permitted segregation of the data along known biases. 
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One known bias that was not generally factored into data segregation is the period of production. 

Because FEMP analytical data primarily represents the production period from the middle to late 198Os, 

the use of the data for prior periods must be evaluated using available process knowledge. Application of 

the data using extrapolation is possible, but the limits of the applicability must be understood. Likewise, 

DOE Ohio Sites Uranium Recycled Project Report F-l 15,200o 
FINAL 



the application of the resulting data to the other DOE sites covered by this report must be evaluated in the 

context of processing histories and available process knowledge, and inherent uncertainties must be 

noted. Section F.4, Application of Results to Material Streams, further discusses the approaches used to 

utilize results in a recycle constituents computational model which incorporates major process variations 

and best engineering judgement. 

A related bias may exist for the entire data set, because of the non-random approach used to collect 

constituent data from the operations. Operations where higher levels of constituents were expected 

tended to have more data collected to facilitate tracking of constituents and permitting blending to meet 

targets. This phenomenaseems to have been more prevalent for process streams internal to the FEMP 

than those that represent intersite shipments. The impact of the bias is effectively minimized by the 

careful segregation of materials into sub-groups and the application of adjustments for known process 

variances. 

In several cases data sub-groups represent key data sets for the overall successful computation of 

constituent flows throughout the DOE. These data sub-groups are considered key data sets, due to the 

applicability of data from these sub-groups to other sites and because of the large quantities of recycled 

uranium that are represented by the data. One such data. set is the A508 U03 from the Hanford PUREX 

process. This data sub-group was highly scrutinized to assure that only “virgin” material would be 

represented by the sub-group. FEMP processing of A508 often involved blending with other FEMP UOJ, 

so only the direct receipt materials were included in the data sub-group for “virgin” A508 (Sub-Group 

6A). The remaining materials were categorized in separate sub-groups. This strategy also results in a 

data set that has more direct applicability for many of the other DOE sites that also received UO3 from the 

Hanford PUREX operation. 

FEMP receipts from the GDPs was also identified as a high impact data set. The flows of ash and scrap 

materials from the GDPs to the FEMP were categorized into separate data sub-groups to allow for better 

application of constituent flows. These materials were known from the 1985 report on transuranic content 

in FEMP materials to be the source of a relatively large portion of FEMP recycle constituents receipts. 
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TABLE F.l-1 

FEMP DATA SUB-GROUP DEFINITIONS 
Sub-Group Sub-Group 

Number Title 
1A Miscellaneous Materials 
1B Miscellaneous Materials from Minor Off-Site Sources 

2 UF4 and Residues prepared from UF,j Sources (GDP Tails) 
3 UF6 Source Metal & Scrap 
4 Normal U Products, Residues, & Metal Scrap 

5 U Intermediates and Products from Emiched UF6 Sources 

6A A508 U03 (PUREX Source - Unblended) 
6B U03, UF4 and Residues/Intermediates from A508 U03 (Low Cross-Over Potential) 
6C UO,, UF4 and Residues/Intermediates from A508 UOs (High Cross-Over Potential) 

6D A500 Coded Enriched Residues 
6E Savannah River Source Uranyl Nitrate (PUREX)(Prior to Conversion to UOJ) 

6F Savannah River UOs (Mark 15) (Not Shipped to FEMP) 

7A Derbies prepared from A508 UO, (Potentially Blended) 

7B Ingots/Other Metal prepared from A508 UOs (Potentially Blended) 

8 . Enriched MgFr 
9 Incinerator Ash & Scrap Residues from GDPs 

10A Tower Ash & Decontamination Residues 

10B UOs Produced from Tower Ash Receipts 

11 Waste Residues Lower than Economic Discard Limit (EDL) 

F.2 STATISTICAL ANALYSIS APPROACH 

Each of the data sets. defined by the FEMP analytical database (Appendix C, Attachment 2) sub-groups 

(and categories within sub-groups) was first prepared for statistical analysis, including: 

l Review of data sub-groups for duplicate records and other anomalies. 

0 Assessment “less than” values to determine statistically valid approaches for representing 
these values (detection limit was identified as a conservative approach). 

l Elimination of negative values (the result of laboratory blanks detecting higher for a 
constituent than the sample) from evaluation. 

Each of the data sets was reviewed from a statistics vantage point to determine its characteristics, 

including: 

0 Assessment of the statistical distribution of transuranic and fission product constituents 
(Pu-239 ppb U, Np-237 ppb U, and Tc-99 ppb U) data. 
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l Identification of an approach to represent each dataset (i.e. for normal distributions, the 
mean of the dataset could be adequate, however, for non-normal distributions other more 
advanced approaches are required) based on the distribution determined. 

0 Performance of supplemental relational checks of the data, such as the occurrence of 
correlation between various data values and the validity of extreme data points. 

I Define Sub-Groups kk 

- Review for Duplicates/Anomal~es 

This review initially involved deterrnining if the data set could be well represented by a’normal or log- 

normal distribution, using Statgraphics software to support the analysis. If a conformance to a normal 

or log-normal distribution were found, the data set could be represented by the either the mean or the log- 

mean for application in the constituent mass flow calculations model. 

A further review of the data sub-groups was performed to verify that sub-elements of the defined data 

sub-group were consistent with the overall distribution of data. In general, this analysis evaluated 

whether the several material types that comprise many of the sub-groups were of consistent distributions. 

This sort of analysis was performed to create structured questions about data subsets rather than to be 

used as a decision basis. Upon inspection of data anomalies, several data subsets were found to belong in 

alternate data sub-groups, so the analysis did result in an improved data segregation. 

F.3 STATISTICAL ANALYSIS RESULTS 

Analysis of the data sub-groups resulted in the determination that none of the constituent data sub-groups 

conform to pure a distribution. Although pure distributions (those that would conform well to normal or 

log-normal distributions) were desired and initially expected, the lack of conformance to a standard type 

of distribution is not uncommon and does not adversely affect application of the data. In all cases, the 

datasets were determined to be best represented by the use of a simple arithmetic average of the data 

values. The statistical evaluations performed on the data sub-groups have been provided by Attachment 1 

to this appendix to illustrate the data sets and provide the values resulting from the analyses. Attachment 

1 provides additional discussion on the presentation of the data and provides the specific outputs from the 

analysis of the data. Sub-group distribution plots (both quantile and histogram types) are provided in the 

attachment to illustrate the data set distributions, typically against a log-normal distribution assumption. 
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The results of the statistical analyses are provided in Table F.3-1, based on the information presented by 

Attachment 1. 

TABLE F.3-1 

FEMP REPRESENTATIVE CONSTITUENT VALUES BY DATA SUB-GROUP 
Sub-Group Sub-Group (S/G) Value for Value for Value for 

Number Title Pu-239 ppb U Np-237 ppb U Tc-99 ppb U 
1A Miscellaneous 16.035 1,328.11 2,399.22 
1B 
2 

3 
4 

5 
6A 
6B 

6C 
6D 

6E 
6F 

7A 
7B 

8 
9 

10A 
10B 
11 

Miscellaneous - Minor Offsite 
UP6 Source UF4 (GDP Tails) 

UP6 Source Metal & Scrap 
Normal U Products, Res & Metal Scrap 

Enriched UFB Source ProductsRes. 
U09 PUREX Source (A508)(Unblended) 

A508 UOJUF, & Res. (Low Cross) 
A508 UO$‘UF4 & Res. (High Cross) 

A500 Coded Enriched Residues 
SRUNH 

SR U03 - Not Shipped to FEMP 
A508 based Derbies 

A508 based Ingots & Metal 
Enriched MgF2 

Incinerator Ash & Scrap Res. From GDPs 
Tower Ash & Decon Res. 

U03 from Tower Ash 
Waste Residues <EDL 

0.889 
0.502 

0.007 
0.091 

1.259 
2.‘884 
2.321 

23.969 
4.556 
16.527 
2.805 

9.305 
1.165 

96.618 
47.616 

412.177 

20.772 
84.817 

109.07 0.55 
54.90 201.61 

2.54 9.12 
67.09 26.55 
81.39 2,109.61 

388.97 8,552.23 

332.94 8,934.58 
1,045.29 2,789.56 
143.75 1,085.45 

-- -- 

-- 

311.97 
263.48 

1,881.53 
3164.53 

10,503.53 
498.17 

3,999.32 

Note: TBD = To be determined. 

F.4 APPLICATION OF RESULTS TO MATERIAL STREAMS 

-- 

1,721.OO 

447.81 
1,651.23 

263.32 
2,618.36 
2,405.28 
4,110.05 

Application of the available FEMP analytical data to the identified recycled uranium mass flows has been 

accomplished in this report by a combination of direct application (data directly represents materials in 

question) and extrapolation (data is selected from ‘available sub-groups to approximate the material in 

question) using process knowledge as a guide. This approach is further explained in this section. Since 

the FEMP data providing transuranic and fission product results primarily dates from the period following 

the receipt of Paducah Ash Campaign residues at the FEMP (see Appendix E, Attachment 2), the general 

representativeness of these data to prior site processing was unlmown and suspect at the beginning of the 

investigation. Since a relatively small number of analytical values are utilized to represent approximately 

40 years of Femald shipments, receipts, and production and are also utilized to represent other DOE site 
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recycled uranium, the need for high confidence in the data sets was established early. Data confidence, as 

described here, is different from the data quality described in Appendix C. Data confidence describes the 

confidence that the data provided represents the materials for which the data is applied and that any 

conditions on the application of the data are understood with associated caveat. The need for high data 

confidence drove the development of the 19 sub-groups of data presented above in Table F.3-1 and 

further affected the development of the strategies for applying the data sub-group information to the 

various receipts and shipments for each of the sites. 

The basic strategy for data application derives from the receipt and shipment information of Appendix A 

and Appendix B and the process knowledge of the major material types that are represented by the 

transactions. These transaction material types and recycled uranium flows are identified on the “bubble 

charts” in Appendix A and Appendix B. Table F.4-1, Representative Constituent Data for FEMP 

Shipments and Receipts, provides a crosswalk of the receipt and shipment sites and material types from 

the information of Appendix A and Appendix B. The rationale for selection of representative FEMP data 

sub-group results for each stream is also provided. 

Unfortunately, FEMP receipt and shipment data are not currently reconstructed to a degree that will 

support segregation of the mass flows between the sites purely along material type lines. Generally 

receipt and shipment material types have not been resolved - for example, a shipment may have been 

uranium metal or might have been UOj. Process knowledge of the typical intersite material transactions 

provided the best insight for selection of a normal material transaction and a best approximation for sub- 

group constituent data selection. In most cases, the transactions between the sites that were the norm (i.e. 

enriched metal to Hanford from the FEMP and RMI and enriched UO, (A508) back from Hanford) 

became the driver for the selection of a representative sub-group of the data. If future research reveals 

additional data or provides additional insight into individual material types, the constituent values used in 

the constituent mass flow calculation model could be modified for the respective category to yield a 

refined result. Results of the application of these data to mass flows is provided by section F.5. 

In several cases, data from Table F.3-1 required refinement to apply to the full period of production (see 

Example #l) 
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a In order to apply constituent values to the 

wide variety of material and waste streams 

encountered by the FEMP and the other sites 

represented in this report, interpretation of 

the available data must be performed. 

Tables F.4- 1A through F.4- 1 D identify the 

‘data sub-group and data values (from Table 

F.3-1) to be utilized to represent each of the 

major recycle uranium material streams 

identified for each of the sites covered by 

this report. The table also provides an 

explanatory rationale for the choice of the 

data set, based on historical process 

knowledge. Tables F.4-2 provides similar 

information for current waste and product 

0 
inventories for the FEMP. The other sites 

covered by this report have neither product 

or waste inventories remaining and their 

respective waste discards have been included 

under the shipments category. 

The streams identified on these 

tables correspond to the’major 

shipment and receipt categories 

identified from process larowledge 

and shipment records reviewed at 

the FEMP. Example #2 provides a 

discussion of the development of 

engineering and process knowledge 

rationale to address a shipment 

Example #l 

Over the production history of the FEMP, enriched metal for&c 

Hanford “N” Reactor was recycled back to the FEMP both pre- 

reactor cycle and as UOs post reactor cycle. So-caIled “cold meta 

scrap” (which actually contained recycled uranium constituents after 

recycling began in the early 1960s) was returned to the FEMP from 

the variety of operations of metal preparation ahead of the reactor 

(extrusion mistakes, setup pieces, machining scraps, mechanical 

defects, etc.). The recycle constituents in these materials should 

precisely mirror the enriched metal product of the FEMP during any 

given time period. Generally, slight amounts of constituent 

decontamination occur during processing of A508 UO3 and cold 

metal scrap through the FEMP and deliberate blending of fresh 

materials into the process also dilutes the recycle constituents in the 

products versus the original feed materials. However, following the 

introduction of Paducah scraps (Ash Campaign) in the 198Os, the 

FEMP struggled to blend off larger quantities of recycle constituents. 

The enriched metal produced from this era was significantly higher 

in constituent concentration than similar product prior to the 

campaign. In order to accurately reflect the average value for the 

Hanford metal stream, this post- 1982 metal product (representing 

about 22% of total emiched metal production for Hanford) has been 

factored as an adjustment of the Hanford enriched metal constituent 
data.value to develop a weighted average for better representing the 

constituent content of this metal stream. 

Example #2 
Essentially no data has been located to represent the uranyl nitrate received by 
the FEMP from the West Valley Site. The receipts represent “N” Reactor, 
commercial, and university reactor processing by the West Valley PUREX. 
operation. Reasonable options for approximation of the receipt stream 
constituent content include the Hanford PUREX UO, data set (6A) and the’ ‘. 
Savannah River uranyl nitrate data set (6E). Although the Savannah River data 
is also the result of a PUREX operation, the data set is severely limited and, 
appears to represent a non-typical processing campaign. The Hanford data set 
is extensive and appears to represent the capabilities of the PUREX process for 
scavenging plutonium from the uranium stream. Therefore data sub-group 6A 
was chosen to represent the entire uranyl nitrate shipment legacy from West 
Valley to the FEMP. 

stream for which no directly applicable data was available. Application of FEMP data to the other sites 

l 
covered in this report follows a similar approach. 
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TABLE F.4-1A REPRESENTATIVE CONSTITUENT DATA FOR FEMP RECEIPTS AND SHIPMENTS 

Stream Data Source 
RECEIPTS 
Enriched Receipts 

Hanford U03 (A508) S/G 6A, A508 U03 
Hanford uo2 FEMP Enriched Metal 

Calculation 
Hanford U308 FEMP Enriched Metal 

Calculation 
Hanford Cold Metal Scrap FEMP Enriched Metal 

Calculation 
Hanford Process Residues FEMP Enriched Metal 

Calculation 
RMI U308 FEMP Enriched Metal 

Calculation 
RMI Metal Scrap FEMP Enriched Metal 

Calculation 
RMI Process Residues FEMP Enriched Metal 

Calculation 
West Valley UNH Single Data Point 

NUMEC(CAP) UNH Single Data Point 

Portsmouth U308 S/G IOA, Tower Ash + 

Portsmouth UF6 S/G 4, Normal 

Portsmouth UNH SIG I OA, Tower Ash + 

Savannah River U03 S/G 6A, A508 U03 

Savannah River UNH S/G 6E, SR I&H 
Savannah River Cold Metal Scrap FEMP Enriched Metal 

Calculation 

Representative Values 
Pu-239 Np-237 Tc-99 
(ppbU) (ppbU) (ppbU) Explanation 

2.884 388.97 8552.33 Data sub-group specifically aligned to this material. 
4.297 372.03 7049.36 No breakout of data available - Use 78% S/G 6A data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign, 
4.297 372.03 7049.36 No breakout of data available - Use 78% S/G 6A data plus 22% SIG 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
4.297 372.03 7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
4.297 372.03 7049.36 No breakout of data available - Use 78% S/G 6A data plus 22% SIG 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
4.297 372.03 7049.36 No breakout of data available - USC 78% S/G GA data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
4.297 372.03 7049.36 No breakout of data available - Use 78% SIG 6A data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
4.297 372.03 7049.36 No breakout of data available - Use 78% SIG 6A data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
3.947 139.0 3155.1 A single data point of FEMP UF4 that used WV UNH as feed source 

was selected to represent the WV stream (HO29-732-O-210-0285). 
3.947 139.0 3155.1 A single data point of FEMP UF4 that used WV UNH as feed source 

was selected to represent the WV stream (H029-732-0-210-0285). 
412.177 10503.53 26 18.36 Stream assumed mostly derived from decontamination activities at 

PORTS and resembles Tower Ash in constituent content. 
0.091 67.09 26.55 No breakout of data available, but expect low values. Use Normal data 

to represent, since S/G 4 heavily influenced by UF6 content. 
412.177 10503.53 2618.36 Stream may have derived from the decontamination activities at 

PORTS and resembles Tower Ash in constituent content. 
2.884 388.97 8552.23 Relates to early 0.86 E stream tied to PNUR program. Possibly a 

blend, so over-represented by A508. 
16.527 -- __ Higher than A508 due to nature of reactor program. 
4.297 372.03 7049.36 No breakout of data available - Use 78% SIG 6A data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
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Stream Data Source 

Oak Ridge (K-25) U02 SIG 9, Incinerator Ash 

Oak Ridge (K-25) U308 (Incinerator S/G 9, Incinerator Ash 
Ash) 

Oak Ridge (K-25) UNH SIG I OA, Tower Ash + 

Oak Ridge (K-25) UF?(Tower Ash) S/G IOA, Tower Ash + 

Oak Ridge (K-25) UF6 S/G 4, Normal 

Oak Ridge (Y-12) U02 S/G 6A, A508 U03 
Oak Ridge (Y-12) U308 S/G 6A, A508 U03 

Paducah U03 (A508) SIG 6A, A508 U03 

Paducah UF6 S/G 4, Normal 

Paducah U308 (Incinerator S/G 9, Incinerator Ash 
Ash) 

Paducah Feed Plant S/G IOA, Tower Ash + 
- Ash/Tower Ash 

Paducah Process Residues S/G 9, Incinerator Ash 

Weldon Spring uo3 SIG 6A, A508 U03 

Weldon Spring Metal Dingots SIG 7B, A508 Ingots and 
Metal 

Weldon Spring Metal Scrap SIG 7B, A508 Ingots and 
Metal 

Weldon Spring Process Residues S/G 6A, A508 U03 

Other DOE Sites U308 S/G 2, Depleted UF6 

(ANL) based UF4 
Other DOE Sites U308 S/G 2, Depleted UF6 
(MEMP) based UF4 

Representative Values 
Pu-239 Np-237 Tc-99 
(ppbU) (ppbU) (ppbU) Explanation 

Calculation is based on Hanford enriched metal. 
47.616 3 164.53 263.32 Expected to resemble Paducah Incinerator Ash, which is represented 

by the data of S/G 9. 
47.616 3 164.53 263.32 Expected to resemble Paducah Incinerator Ash, which is represented 

by the data of S/G 9. 
412.177 10503.53 . 2618.36 Expected to resemble Paducah Tower Ash, which is represented by the 

data of S/G 10. 
412.177 10503.53 2618.36 Expected to resemble Paducah Tower Ash, which is represented by the 

data of S/G 10. 
0.091 67.09 26.55 No breakout of data available but expect low values. Use Normal data 

to represent, since S/G 4 heavily influenced by UF6 content. 

2.884 388.97 8552.23 Default value - material not well documented. 
2.884 388.97 8552.23 Default value - material not well documented. 

2.884 388.97 8552.23 Data sub-group specifically aligned to this material. Trans-shipped 
Hanford material. 

0.091 67.09 26.55 No breakout of data available, but expect low values. Use Normal data 
to represent, since S/G 4 heavily influenced by UF6 content. 

47.616 3164.53 263.32 Data sub-group specifically aligned to this material. 

412.177 10503.53 2618.36 Data sub-group specifically aligned to this material. 

47.616 3 164.53 263.32 Data sub-group specifically aligned to this material. 

2.884 388.97 8552.23 No breakout data available. No GDP ash or decontamination residues 
arc expected to occur in these materials. Use S/G 6A as default. 

1.165 263.48 447.8 I No breakout of data available - Use S/G 7B since Femald receipts of 
metal from Weldon Spring was prior to the introduction of high 
constituent GDP ash into complex. 

1.165 263.48 447.81 No breakout of data available - Use S/G 7B since Femald receipts of 
metal from Weldon Spring was prior to the introduction of high 
constituent GDP ash into complex. 

2.884 388.97 8552.23 No breakout of data available - Use S/G 6A data. Values for A508 
U03 would be expected. 

0.502 54.90 201.61 Assume a UF6 based source for the materials. Use DU data as close, 
but conservative. 

0.502 .54.90 201.61 Assume a UF6 based source for the materials. Use DU data as close, 
but conservative. 
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Renresentative Values 

Stream 
Other DOE Sites U02 
(Bettis) 
Other DOE Sites uo2 
(Ames) 
Other DOE Sites uo2 
(Rockwell) 
Other DOE Sites uo2 
(Chicago) 
Other DOE Sites uo2 
(Idaho) 
Other DOE Sites uo2 
(ORNL) 
Other DOE Sites uo2 
(B&W) 
Other DOE Sites uo2 

Data Source 
S/G 2, Depleted UF6 
based’UF4 
S/G 2, Depleted UF6 
based UF4 
S/G 2, Depleted UF6 
based UF4 
S/G 2, Depleted UF6 

1 based UF4 
S/G 2, Depleted ‘UF6 
based UF4 
S/G 2, Depleted UF6 
based UF4 
S/G 2, Depleted UF6 
based UF4 
S/G 2, Depleted UF6 

Pu-239 
(ppbU) 
0.502 

Np-237 
(ppbU) 
54.90 

0.502 54.90 

0.502 54.90 

0.502 54.90’ 

0.502 54.90 

0.502 54.90 

0.502 54.90 

0.502 54.90 

Tc-99 
(ppbU) Explanation 
201.61 Assume a UF6 based source for the materials. Use DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. Use DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. USC DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. Use DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. Use. DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. Use DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. Use DU data as close, 

but conservative. 
201.61 Assume a UF6 based source for the materials. Use DU data as close, 

Normal Receipts 
Hanford Cold Metal Scrap S/G 4, Normal 0.091 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
Hanford Process Residues S/G 4, Normal 0.091 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
RMI Cold Metal Scrap S/G 4, Normal 0.091 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
RMI Process Residues S/G 4, Normal 0.09 I 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
Paducah uo3 No Constituent Content 0 0 0 Probably from ore concentrate!. 
Paducah UF4 S/G 4, Normal 0.091 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
Oak Ridge (K-25) UF6 S/G 4, Normal 0.091 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
Portsmouth UF6 S/G 4, Normal 0.091 67.09 26.55 Most pre-dates RU, was natural, or was UF6 derived. No breakout of 

data available. Use S/G 4, which is influenced by UF6. 
Niagara Falls K-65 Residues No Constituent Content 0 0 0 Prior to RU. . 
Weldon Spring Process Residues No Constituent Content 0 0 0 Weldon’s Normal stream not expected to contain RU. 
Weldon Spring Ore Concentrates No Constituent Content 0 0 0 Weldon’s Normal stream not expected to contain RU. 
Weldon Spring Airport Scrap No Constituent Content 0 0 0 Weldon’s Normal stream not expected to contain RU. 
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Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data Source (ppbU) (ppbU) (ppbU) Explanation 
Weldon Spring Metal Dingots No Constituent Content 0 0 0 Weldon’s Normal stream not expected to contain RU. 
Grand Junction Ore No Constituent Content 0 0 0 No potential for RU from this site at this time. 
Grand Junction Ore Concentrates No Constituent Content 0 0 0 No potential for RU from this site at this time. 
Savannah River Cold Metal Scrap No Constituent Content 0 0 0 Earliest operations. No RU content. 
Port Hope uo3 No Constituent Content 0 0 0 Prior to RU. 

Depleted Receipts 
Hanford Cold Metal Scrap S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UFG, but w/traces of RU 

RMI 

RMI 

RMI 

constituents present. The INEEL data (S/G 3) would be representative. 
Extruded Tubes S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UFG, but w/traces of RU 

Metal Scrap 

U308 
Residues 
UF4 

S/G 3, Depleted Metal 

S/G 3, Depleted Metal 
SIG 3, Depleted Metal 
S/G 2. Depleted UF6 

0.007 

0.007 

2.54 

2.54 
2.54 
54.90 

9.12 

9.12 

constituents present. The iNEEL data (S/G 3) would be representative. 
Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 
These materials were derived from Depleted Metal (see above). 

RMI 
Paducah 

0.007 
0.502 

9.12 These materials were derived from Depleted Metal (see above). 
201.61 Depleted stream UF6 and UF4 from UF6 have trace constituent levels, 

Paducah UF6 

Paducah uo3 

Paducah Residues 

Oak Ridee (K-25) UF6 

based.UFd, 
S/G 2, Depleted UF6 
based UF4 
S/G 6A, A508 U03 

S/G 9, Incinerator Ash 

S/G 2, Depleted UF6 

0.502 54.90 

2.884 388.97 

47.616 3 164.53 

0.502 54.90 

but differs slightly from depleted metal. 
201.61 Depleted stream UF6 and UF4 from UF6 have trace constituent levels, 

but differs slightly from depleted metal. 
8552.23 Assumes near normal isotopic and related to 1970s Paducah Scrap 

Campaign - A508 that potentially under-represents, but no other clear 
data set. 

263.32 Assumes that these materials were low U content, but potentially 
constituent containing. 

201.61 Depleted stream UF6 and UF4 from UF6 have trace constituent levels, 
v. I  

based UF4 but differs slightly from depleted metal. 
Savannah River Cold Metal Scrap S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 
Savannah River U03 S/G 6F, SR U03 2.805 -- -- The SR U03 was somewhat similar to the A508 stream (S/G 6A), but 

unlike SR UNH;which was derived from higher enriched feeds. 
Other Federal Scrap Metal S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
Agencies constituents present. The INEEL data (S/G 3) would be representative. 

SHIPMENTS 
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Stream 
Enriched Shipments 

Hanford Cores 

RMI NPR Ingots 

Oak Ridge (K-25) UNH 
Portsmouth U308 
Portsmouth UF6 

Savannah River Cores 

Paducah uo3 

Paducah UF4 

Paducah UF6 

Weldon Spring uo3 

Weldon Spring Metal Scrap 

Weldon Spring Residues 

Representative Values 
Pu-239 Np-237 Tc-99 

Data Source (ppbU) (ppbU) (ppbU) Explanation 

S/G 7B, AS08 Ingots and I.165 263.48 447.81 No breakout of data available - Use S/G 7B since Femald shipments of 
Metal metal directly to Hanford were stopped in early 1970s prior to the 

processing of Paducah Ash by Femald Refinery. 
FEMP Enriched Metal 4.297 372.03 7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 
Calculation 7A data to reflect historical split pre and post Paducah Ash Campaign. 
No Constituent Content 0 0 0 Predates RU issues. 
S/G 6E, SR UNH 16.527 -- -- Higher enriched derived from SR UNH. 
S/G 5, Enriched from 1.259 81.39 2109.61 Data sub-group specifically aligned to this material. 
UF6 
FEMP Enriched Metal 4.297 372.03 7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 
Calculation 7A data to reflect historical split pre and post Paducah Ash Campaign. 
S/G IOB, U03 from GDP 20.772 498.17 2405.28 Results of Paducah Scrap Campaign through FEMP Refinery. Data 
Ash S/G specifically designed to segregate these materials into a category. 
S/G IOB, U03 from GDP 20.772 498.17 2405.28 Assumes related-to above Paducah Scrap Campaign through FEMP 
Ash Refinery. 
S/G 5, Enriched from 1.259 81.39 2109.61 Data sub-group specifically aligned to this material. 
UF6 
S/G 6A, A508 U03 2.884 388.97 8552.23 No breakout of data available - Use S/G GA data to reflect probable 

enriched stream constituent content from time period. Would 
overestimate, if enriched was UF6 source. 

S/G 7B, A508 Ingots and 1.165 263.48 447.81 No breakout of data available - Use S/G 7B since Femald shipments of 
Metal metal to Weldon Spring were prior to the processing of Paducah Ash 

by Fernald Refinery. 
S/G 6A, A508 U03 2.884 388.97 8552.23 No breakout of data available - Use S/G 6A data to reflect probable 

enriched stream constituent content from time period. Would 
overestimate, if enriched was UF6 source. 

Normal Shipments 
Hanford Cores 

RMI NPR Ingots 

Savannah River Cores 

Oak Ridge (K-25) UF6 

S/G 4, Normal 

S/G 4, Normal 

S/G 4, Normal 

S/G 4, Normal 

0.091 67.09 26.55 

0.091 67.09 26.55 

0.09 I 67.09 26.55 

0.091 .67.09 26.55 

No breakout of data available, but expect low values. Use Normal data 
to represent, since S/G 4 heavily influenced by UF6 content. 
No breakout of data available, but expect low values. Use Normal data 
to represent, since S/G 4 heavily influenced by UF6 content. 
No breakout of data available, but expect low values. Use Normal data 
to represent, since S/G 4 heavily influenced by UF6 content. 
No breakout of data available, but expect low values. Use Normal data 
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Stream Data Source 

Paducah uo3 S/G 4, Normal 

. Paducah UF4 S/G 4, Normal 

Portsmouth U Metal (to UMC) S/G 4, Normal 
Portsmouth UF4 S/G 4, Normal 
Weldon Spring uo3 No Constituent Content 

Weldon Spring Metal No Constituent Content 

Weldon Spring Residues No Constituent Content 

Other Federal Mist S/G 4, Normal 

Representative Values 
Pu-239 Np-237 Tc-99 
(ppbU) (ppbU) (ppbU) Explanation 

to represent, since SIG 4 heavily influenced by UF6 content. 
0.09 1 67.09 26.55 No breakou! of data available, but expect low values. Use Normal data 

to represent, since S/G 4 heavily influenced by UF6 content. 
0.091 67.09 26.55 No breakout of data available, but expect low values. Use Normal data 

to represent, since S/G 4 heavily influenced by UF6 content. 
0.091 67.09 26.55 Final runs of Normal metal -90% from UF6. 
0.091 67.09 26.55 Final runs of Normal metal -90% from UF6. 

0 0 0 Expected to predate RU and be in an unrelated isotopic range for the 
period. 

0 0 0 Expected to predate RU and be in an unrelated isotopic range for the 
period. 

0 0 0 Expected to predate RU and be in an unrelated isotopic range for the 
period. 

0.09 1 67.09 26.55 No breakout of data available - Use S/G 4 data. 

Depleted Shipments 
RMI NPR Ingots S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 
RMI SR Ingots S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 
Savannah River Target Elements S/G 3, Depleted Metal 0.007 2.54 -9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 
Oak Ridge (Y-12) Derby Metal S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 
Paducah UF6 S/G 2, Depleted UF6 il.502 54.90 201.61 Depleted stream UF6 and UF4 from UF6 has trace constituent levels, 

based UF4 but differs slightlj, from depleted metal. 
Paducah uo3 S/G 2, Depleted UF6 0.502 54.90 201.61 Depleted stream UF6 and UF4 from UF6 has trace constituent levels, 

based UF4 but differs slightly from depleted metal. 
Paducah UF4 S/G 2, Depleted UF6 0.502 54.90 201.61 Depleted stream UF6 and UF4 from UF6 has trace constituent levels, 

based UF4 but differs slightly from depleted metal. 
Portsmouth UF4 (to UMC) S/G 2, Depleted UF6 0.502 54.90 201.61 Depleted stream UF6 and UF4 from UF6 has trace constituent levels, 

based UF4 but differs slightly from depleted metal. 
Rocky Flats Derby Metal SIG 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 
Rocky Flats Flat Ingots S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
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. 

Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data Source 

Other DOE Sites Metal S/G 3, Depleted Metal 

(ppbU) (ppbU) (ppbU) Explanation 
constituents present. The INEEL data (S/G 3) would be representative. 

0.007 2.54 9.12 Depleted metal was all originally based in IJF6, but w/traces of RU . 
constituents present. The INEEL data (S/G 3) would be representative. 

Other DOE Sites Compounds S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

Other Federal Penetrator Metal S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
Agencies constituents present. The INEEL data (S/G 3) would be representative. 
Other Federal - Metal Shanes S/G 3. Deuleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU __..-. -  --~~ 

Agencies 
_ .  

constituents present. The INEEL data (S/G 3) would be representative. 
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TABLE F.4-1B REPRESENTATIVE CONSTITUENT DATA FOR RMI RECEIPTS AND SHIPMENTS 

Stream 
RECEIPTS 
Enriched Receipts 

Femald Metal 

Data Source 

FEMP Enriched Metal 

Representative Values 
Pu-239 Np-237 Tc-99 
(ppbU) (ppbU) (ppbU) Explanation 

4.297 372.03 7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 

Hanford Metal Scrap 

Calculation 

FEMP Enriched Metal 
Calculation 

4.297 372.03 

7A data to reflect historical split pre and post Paducah Ash Campaign. 
7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 

7A data to reflect historical split pre and post Paducah Ash Campaign. 

Normal Receipts 
Fernald Metal 

Hanford Metal 

Depleted Receipts 
Femald Metal 

Oak Ridge (Y-l 2) Metal 

Rocky Flats Metal 

Savannah River Metal 

Port Hope Metal 
(Canada) 

DOD Program Metal 

S/G 4. Normal 0.091 67.09 

S/G 4, Normal 0.09 I 67.09 

S/G 3, Depleted Metal 0.007 2.54 

SIG 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

26.55 Assume similar to FEMP Normal data, though it is heavily infiuenced 
b UF6 source. 

26.55 Assume similar to FEMP Normal data, though it is heavily influenced 
by UF6 source. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 
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Stream Data Source 

Representative Values 
Pu-239 Np-237 Tc-99 
(ppbU) (ppbU) (ppbU) Explanation 

SHIPMENTS 
Enriched Shipments 

Fernald Metal 

Hanford Metal 

LLNL Metal 

Normal Shipments 
Femald Metal 

Hanford Metal 

FEMP Enriched Metal 
Calculation 
FEMP Enriched Metal 
Calculation 
FEMP Enriched Metal 
Calculation 

S/G 4, Normal 

S/G 4, Normal 

4.297 372.03 

4.297 372.03 

4.297 372.03 

0.091 67.09 

0.09 I 67.09 

7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 
7A data to reflect historical split pre and post Paducah Ash Campaign. 

7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 
7A data to reflect historical split pre and post Paducah Ash Campaign. 

7049.36 No breakout of data available - Use 78% S/G GA data plus 22% S/G 
7A data to reflect historical split pre and post Paducah Ash Campaign. 

26.55 Assume similar to FEMP Normal data, though it is heavily influenced 
by UF6 source. 

26.55 Assume similar to FEMP Normal data, though it is heavily influenced 
by UF6 source. 

Depleted Shipments 
Femald Metal 

Hanford Metal 

Oak Ridge (Y-l 2) Metal 

Rocky Flats Metal 

Port Hope Metal 
(Canada) 
DOD Program Metal 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

S/G 3, Depleted Metal 0.007 2.54 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU 
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TABLE F.4-1C REPRESENTATIVE CONSTITUENT DATA FOR WEST VALLEY SHIPMENTS 

Stream 

SHIPMENTS 
Enriched Receipts 

Fernald Uranyl Nitrate 

Y-12 Uranyl Nitrate 

Data Source 

Single Data Point 

Single Data Point 

Representative Values 
Pu-239 Np-237 Tc-99 
(ppbU) (ppbU) (ppbU) Explanation 

3.947 139.0 3155.1 A single data point of FEMP UF4 that used WV UNH as feed source 
was selected to represent the WV stream (HO29-732-O-210-0285). 

3.947 139.0 3155.1 A single data point of FEMP UF4 that used WV UNH as feed source 
was selected to represent the WV stream (HO29-732-O-210-0285). 
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TABLE F.4-1D’REPRESENTATIVE CONSTITUENT DATA FOR WELDON SPRING RECEIPTS AND SHIPMENTS 

Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data Source (ppbU) (ppbU) (ppbU) Explanation 
RECEIPTS 
Enriched Receipts 

Femald U03, Metal, S/G 6A, A508 U03 2.884 388.97 8552.23 No breakout of data available - Use S/G 6A data to reflect probable 
Scrap, Residues enriched stream constituent content from time period. Would 

overestimate, if enriched was UF6 source. 

Other DOE Sites UF6, UF4 S/G GA, A508 uo3 2.884 388.97 8552.23 No breakout of data available - Use S/G 6A data to reflect probable 
enriched stream constituent content from time period. Would 

Normal Receipts 
Femald U03, Metal, No Constituent Content -- -- -- Weldon records indicate all site normal was “Natural” 

Scran. Residues 

Other DOE Sites Ore Concentrates, No Constituent Content 
nw 

-- -- _- Weldon records indicate all site normal was “Natural” 

Depleted Receipts 
Femald U03, Metal, S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

Scrap, Residues constituents present. The INEEL data (S/G 3) would be representative. 
Other DOE Sites UF6, UF4 S/G 3, Depleted Metal 0.007 2.54 9.12 Depleted metal was all originally based in UF6, but w/traces of RU 

constituents present. The INEEL data (S/G 3) would be representative. 

SHIPMENTS 
Enriched Shipments 

.Femald U03, Metal 
Dingots, Metal 
Scrap, Process 
Residues 

Other DOE Sites 

S/G 6A, A508 U03 2.884 388.97 

S/G GA, A508 U03 2.884 388.97 

8552.23 No breakout of data available - Use S/G GA data to reflect probable 
enriched stream constituent content from time period. Would 
overestimate, if enriched was UF6 source. 

8552.23 No breakout of data available - Use S/G 6A data to reflect probable 
enriched stream constituent content from time period. Would 
overestimate. if enriched was UF6 source. 

Nornial Shipments 
Femald Process Residues, No Constituent Content -- -- _- Weldon records indicate all site normal was “Natural” 
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Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data Source (ppbU) (ppbU) (ppbU) Explanation 
Ore Concentrates, 
Airport Scrap, 
Metal Dingots 

Other DOE Sites No Constituent Content -- -- _- Weldon records indicate all site normal was “Natural” 

Depleted Shipments 
Femald 

Other DOE Sites 

S/G 3, Depleted Metal 0.007 

’ S/G 3, Depleted’Metal 0.007 

2.54 9.12 

2.54 9.12 

Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 
Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 
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TABLE F.4-2 REPRESENTATIVE CONSTITUENT DATA FOR FEMP WASTE AND PRODUCT INVENTORY 

Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data SOUrCe (ppbu) (ppbu) (ppbu) Explanation 

FEMP INVENTORY (As of March 31,1999) 
Nuclear Materials - Enriched 

Metals 
I .25% Derbies S/G 7A 9.305 3 11.97 1721.00 Enriched derbies from A508 residues. S/G 7A includes both 1.25% and 0.95% derbies. 
0.95% Ingots SIG 7A 9.305 311.97 1721.00 Enriched derbies from A508 residues. S/G 7A includes both 1.25% and 0.95% derbies. 
1.25% Ingots S/G 7A 9.305 3 11.97 1721 .OO Enriched derbies from A508 residues. S/G 7A includes both 1.25% and 0.95% derbies. 
~1 .OO% Recycle SIG 7A 9.305 311.97 1721.00 Enriched derbies from A508 residues. S/G 7A includes both 1.25% and 0.95% derbies. 
> 1 .OO% Recycle SIG 7A 9.305 3 11.97 1721 .OO Enriched derbies from A508 residues. S/G 7A includes both 1.25% and 0.95% derbies. 

Compounds 
U308 S/G 6C 23.969 1045.29 2789.56 No breakout of data available - Use S/G 6C data since these residues are likely to be left over from 

Paducah Tower Ash U03 campaigns. 
uo2 S/G 6C 23.969 1045.29 2789.56 No breakout of data available - Use S/G 6C data since these residues are likely to be left over from 

Paducah Tower Ash U03 campaigns. 
0.82 - 1.00% U03 S/G lOB, U03 20.772 498.17 2405.28 Results of U03 from Tower Ash Campaign through FEMP Refinery. Data from Incinerator Ash 

from Tower Ash group should be best fit from data set due to Refinery blending. 
~1.00 - 1.25% U03 S/G lOB, U03 20.772 498.17 2405.28 Results of U03 from Tower Ash Campaign through FEMP Refinery. Data from Incinerator Ash 

from Tower Ash group should be best fit from data set due to Refinery blending. 
0.72- 1 .OO% UF4 S/G GC 23.969 1045.29 2789.56 No breakout of data available - Use S/G 6C data since these residues are likely to be left over from 

Paducah Tower Ash U03 campaigns. 
>l .OO - 2.00 UF4 S/G 6C 23.969 1045.29 2789.56 No breakout of data available - Use S/G 6C data since these residues are likely to be left over from 

Paducah Tower Ash U03 campaigns. 
Recoverable Residues 

~1 .OO% Recoverable Residues S/G 6C 23.969 1045.29 2789.56 No breakout of data available - Use S/G 6C data since these residues are likely to include a 
significant amount blended A-508 U03 and residues resulting from latter year production. This 
S/G likely over represents the level of constituents in this stream 

> 1 .OO - 19.99% Recoverable S/G 6C 23.969 1045.29 2789.56 No breakout of data available - Use S/G 6C data since these residues are likely to include a 
Residues significant amount blended A-508 U03 and residues resulting from latter year production. This 

S/G likely over represents the level of constituents in this stream 

Nuclear Materials - Normal 
Metals 

Derbies S/G 4, Normal 0.091 67.09 26.55 Final runs of Normal metal -90% from UF6. 
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Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data SOUrCe (ppbu) (ppbu) (ppbU) Explanation 
Ingots/Cores S/G 4, Normal 0.091 67.09 26.55 Final runs of Normal metal -90% from UF6. 

Recycle S/G 4, Normal 0.091 67.09 26.55 Final runs of Normal metal -90% from UF6. 

uo3 

UF4 

Compounds 
S/G 4, Normal 0.091 67.09 26.55 Final runs ofNormal metal -90% from UF6. 
SIG 4. Normal 0.091 67.09 26.55 Final runs of Normal metal -90% from UF6. 

Nuclear Materials - Depleted 
Metals 

MK3 I Derbies S/G 3, Depleted 
Metal 

MK3 I Ingots S/G 3, Depleted 
Metal 

Cores S/G 3, Depleted 
Metal 

Recycle S/G 3, Depleted 
Metal 

Compounds 
UF4 _ S/G 2, Depleted 

0.007 2.55 

0.007 2.55 

0.007 2.55 

0.007 2.55 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU constituents present. The 
INEEL data (S/G 3) would bc representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU constituents present. The 
INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU constituents present. The 
INEEL data (S/G 3) would be representative. 

9.12 Depleted metal was all originally based in UF6, but w/traces of RU constituents present. The 
INEEL data (S/G 3) would be representative. 

0.502 54.90 201.61 Depleted stream UF6 and UF4 from UF6 has trace constituent levels; but differs slightly from 
UFGIUF4 depleted metal. 

Wastes - Enriched 
Miscellaneous TSCA and Mixed FEMP Enriched 4.297 372.03 7049.36 No breakout of data available - TSCA/Mixed Wastes resulting from enriched metal operations 

Wastes Metal best rcprcscnted by using 78% SIG 6A data plus 22% S/G 7A data to reflect historical split pre and 
post Paducah Ash Campaign. 

Contaminated Trash/Debris FEMP Enriched 4.297 372.03 7049.36 No breakout of data available - TSCA/Mixed Wastes resulting from enriched metal operations 
Metal best represented by using 78% S/G GA data plus 22% S/G 7A data to reflect historical split pre and 

post Paducah Ash Campaign. 
Contaminated Copper S/G 2, Depleted 0.055 32.2 16.69 Depleted stream UF6 and UF4 from UF6 has trace constituent levels, but differs slightly from 

UFb/UF4 depleted metal. Copper from GDP upgrades. 

Contaminated Soilsh4isc. FEMP Enriched 4.297 372.03 7049.36 No breakout of data available - Contaminated soils and samples resulting from enriched metal 
Samples Metal operations best represented by using 78% SIG 6A data plus 22% SIG 7A data to reflect historical 

split pre and post Paducah Ash Campaign. 
Containerized Pit Waste SIG 6D 4.556 143.75 1085.45 No breakout of data available - Use SIG 6D data. Results approximate the constituent level 

expected in enriched waste pit materials since waste pit disposal took place prior to Paducah 
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Representative Values 
Pu-239 Np-237 Tc-99 

Stream Data SOUrCe (ppbu) (ppbu) (ppbu) Explanation 
Tower Ash campaign. 

Miscellaneous Liquids FEMP Enriched 4.297 372.03 7049.36 No breakout of data available - Contaminated soils and samples resulting from enriched metal 
Metal operations best represented by using 78% S/G 6A data plus 22% S/G 7A data to reflect historical 

split pre and post Paducah Ash Campaign. 
U Metal (Wastes) FEMP Enriched 4.297 372.03 7049.36 No breakout of data available - Enriched U metal (waste) resulting from enriched metal operations 

Metal best represented by using 78% S/G 6A data plus 22% S/G 7A data to reflect historical split pre and 

S/G 6C, U03 and 23.969 ‘1045.29 
post Paducah Ash Campaign. 

uo3 2789.56 Enriched U03 wastes are well represented by SIG 6C 
Residues 

uo2 S/G 6C, U03 and 23.969 1045.29 2789.56 Enriched U03 wastes are well represented by SIG 6C 
Residues 

U308 S/G 6C, U03 and 23.969 1045.29 2789.56 Enriched U308 wastes arc well represented by S/G 6C 
Residues 

UF4 S/G 6C, U03 and 23.969 1045.29 2789.56 Enriched UF4 wastes are well represented by S/G 6C 
Residues 

MgF2 SIG 8, MgF2 96.618 1881.53 165 I .23 Enriched MgF2 are well represented by S/G 8 

Wastes - Normal 
Miscellaneous TSCA and Mixed SIG 4, Normal 0.091 67.09 26.55 No breakout of data available - TSCAlMixed Wastes resulting from normal operations most likely 
Wastes was originally based on normal U products, residues, and scrap. 
Contaminated Trash/Debris S/G 4, Normal 0.091 67.09 26.55 No breakout of data available - Contaminated trash/debris resulting from normal operations most 

likely was originally based on normal U products, residues, and scrap. 
Contaminated Copper S/G 2, Depleted 0.502 54.90 201.61 Depleted stream UF6 and UF4 from UF6 have trace constituent levels, but differs slightly from 

UF6/UF4 depleted metal. Copper from GDP upgrades. 
Contaminated SoilsIMisc. S/G 4, Normal 0.09 I 67.09 26.55 No breakout of data available - Contaminated soils/soil samples resulting from normal operations 
Samples most likely was originally based on normal U products, residues, and scrap. 
Containerized Pit Waste S/G 4, Normal 0.09 I 67.09 26.55 No breakout of data available - Containerized pit wastes resulting from normal operations most 

likely was originally based on normal U products, residues, and scrap. 
Miscellaneous Liquids S/G 4, Normal 0.09 I 67.09 26.55 No breakout of data available - Miscellaneous liquids resulting from normal operations most 

likely was originally based on normal U products, residues, and scrap. 
U Metal (Wastes) SIG 4, Normal 0.091 67.09 26.55 Normal U metal wastes are well represented by SIG 4. 
uo3 SIG 4, Normal 0.091 67.09 26.55 Normal U03 wastes are well represented by S/G 4. 
uo2 SIG 4, Normal 0.091 67.09 26.55 Normal U02 wastes are well represented by S/G 4. 
U308 S/G 4, Normal 0.09 I 67.09 26.55 Normal U308 wastes are well represented by SIG 4. 
UF4 SIG 4, Normal 0.09 I 67.09 26.55 Normal UF4 wastes arc well represented by S/G 4. 
MgF2 SIG 4, Normal 0.09 I 67.09. 26.55 Normal MgF2 wastes are well represented by S/G 4. 
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Stream 

Representative Values 
Pu-239 Np-237 Tc-99 

Data SOUrCC (ppbu) (ppbu) (ppbU) Explanation 
Wastes - Depleted 

Miscellaneous TSCA and Mixed SIG 3, Depleted 
Wastes Metal 

Contaminated Trash/Debris SIG 3, Depleted 
Metal 

Contaminated Copper S/G 2, UF6 
Source UF4 

Contaminated SoilsIMisc. S/G 3, Depleted 
Samples Metal 

Containerized Pit Waste SIG 2, UF6 
Source UF4 

Miscellaneous Liquids S/G 3, Depleted 
Metal 

U Metal (Wastes) 

uo3 

SIG 3, Depleted 
Metal 
S/G 2, UF6 
Source UF4 

U308 SIG 2, UF6 
Source UF4 

UF4 S/G 2, UF6 
Source UF4 

MgF2 SIG 2, UF6 
Source UF4 

0.007 2.54 

0.007 2.54 

0.502 54.90 

0.007 2.54 

0.502 54.90 

0.007 2.54 

0.007 2.54 

0.502 54.90 

0.502 54.90 

0.502 54.90 

0.502 54.90 

9.12 

9.12 

201.61 

9.12 

201.61 

9.12 

9.12 

201.61 

201.61 

201.61 

201.61 

No breakout of data available - TSCAIMixed Wastes resulting from depleted operations most 
likely was originally based in UF6, but w/traces of RU constituents present. The INEEL data (S/G 
3) would be representative. 
No breakout of data available - Contaminated trash/debris resulting from depleted operations most 
likely was originally based in UF6, but w/traces of RU constituents present. The INEEL data (S/G 
3) would be representative. 
No breakout of data available - Copper from GDP upgrades. The UF6 source UF4 best represents 
this material. 
No breakout of data available - Contaminated soils and miscellaneous residues from depleted 
operations most likely was originally based in UF6, but w/traces of RU constituents present. The 
INEEL data (SIG 3) would be representative. 
No breakout of data available - Contaminated soils and miscellaneous residues from depleted 
operations most likely was originally based in UF6, but w/traces of RU constituents present. The 
INEEL data (S/G 3) would be representative. 
No breakout of data available - Miscellaneous liquids resulting from depleted operations most 
likely was originally based in UF6, but w/traces of RU constituents present. The INEEL data (S/G 
3) would be representative. 
No breakout of data available - Depleted metal was all originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 
No breakout of data available - Depleted U03 residues categorized as waste were most likely 
collected during Safe Shutdown program. The operations most likely were originally based in 
UF6, but w/traces of RU constituents present. The INEEL data (S/G 3) would be representative. 
No breakout of data available - Depleted U308 residues categorized as waste were most likely 
collected during Safe Shutdown program. The operations most likely were originally based in 
UF6, but w/traces of RU constituents present. The INEEL data (S/G 3) would be representative. 
No breakout of data available - Depleted UF4 residues categorized as waste were most likely 
collected during Safe Shutdown program. The operations most likely were originally based in 
UF6, but w/traces of RU constituents present. The INEEL data (S/G 3) would be representative. 
No breakout of data available - Depleted MgF2 were most likely containerized during Safe 
Shutdown program. The operations most likely were originally based in UF6, but w/traces of RU 
constituents present. The INEEL data (S/G 3) would be representative. 
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F.5 CONSTITUENT MASS FLOWS 

One of the fundamental goals of the Recycled Uranium Project is to summarize constituent mass flows 

between the various sites within and outside of the DOE. To achieve this goal, the constituent values by 

material stream data provided by the previous section and the data from uranium shipment and receipt 

information (Appendix A and Appendix B) are combined (in a summary fashion) in the tables below. 

F.5.1 FEMP 

Tables FS-1A and FS-1B provide overall calculated constituent mass flows for FEMP receipts and 

shipments by isotopic range by site. These tables utilize the constituent values delineated in Table F.4-1A 

to allow the calculation of calculated constituent masses not only by site, but also by compound. In some 

instances, material flows between sites must be represented by constituent values that have been derived 

by combining one a more of the sub-groups that have no obvious direct connection to the material to be 

represented. This practice is necessary due to the lack of ability to quantify the quantity of a material type 

that was shipped to or received from a site. In completing the extrapolation of combined constituent 

values, the DOE Ohio Field Office Recycled Uranium Project Report team utilized process knowledge 

and best engineering judgement. 

Table F.5-1A shows that Femald received approximately 246,686 MTU of recycled uranium between 

1962 and 1989. These receipts were comprised of approximately 25% enriched materials, 36% normal 

materials, and 39% depleted materials. The calculated constituent mass of Pu-239, Np-237, and Tc-99 for 

these recycled receipts is 2 17.7 g, 25,741.g g, and 33 1,997.5 g respectively. Analyses of these calculated 

constituent masses indicate that the majority of the constituents of concerns were transported to the 

Femald site in enriched receipts. For example, 207.8 g of the 217.7 g of calculated Pu-239 received by 

Femald (-95%) came via enriched receipts. Further analyses indicate that RMI metal shipments, Padueah 

Incinerator Ash and Tower Ash, and Hanford metal and U03 shipments account for approximately 80% 

of the calculated Pu-23.9 received by Femald. 

Table F.5-1B shows that Femald shipped approximately 249,229.6 MTU of recycled uranium between 

1962 and 1999. These shipments were comprised of approximately 25% enriched materials, 38% normal 

materials, and 37% depleted materials. The calculated constituent mass of Pu-239, Np-237, and Tc-99 for , 
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these recycled receipts is 19 1.1 g, 26,877.g g, and 337,489.5 g respectively. As with the Femald receipts, 

the enriched shipments account for the majority of the site’s constituents of concern shipments. For 
example, 180.9 g of the 191.1 g of Pu-239 (-95%) was accounted for in Femald enriched shipments. 

Figures FS-1A through FS-1F provide a graphical summary of calculated FEMP receipts and shipments 

of recycle constituents by isotopic levels. These charts reflect the values from Table F.5-1A and F.5-1B. 

Table F.5-1C provides calculated constituent masses for the FEMP nuclear materials inventory as of 

March 3 1, 1999. The calculation method is similar to that described above and indicates that roughly 

15.2 g of Pu-239, 628 g of Np-237, and 2,172.5 g of Tc-99 can be accounted for in this nuclear materials 

inventory. 

Similarly, Table F.5-1D provides calculated constituent masses for the FEMP waste inventory as of 

March 3 1, 1999. The calculation method is similar to that described above and indicates that an 

additional 7.4 g of Pu-239, 359.7 g of Np-237, and 1,920.8 g of Tc-99 is calculated to be in this waste 

0 
inventory. 

F-5.2 @JI 

Tables F.5-2A and F.5-2B present the calculated constituent masses for the RMI site. These tables 

indicate that RMI received and shipped slightly less than 110 g of Pu-239, approximately 9,800 g of Np- 

237, and just over 178,000 g of Tc-99 during its recycled uranium operational history. As with Femald, 

the >95% of the constituents of concern are attributable to the enriched streams. 

F.5.3 WVDP 

Table F.5-3 presents the calculated constituent masses for the shipments of recycled uranium from the 

West Valley site. Since the West Valley site performed uranium and plutonium recovery operations from 

irradiated fuels, no recycled uranium, per Project definition, was received at West Valley. All West 

Valley shipments were made to either Femald or to the Y-12 Plant in Oak Ridge. Based on the data 

available, it has been calculated that West Valleys’ shipments of 619.4 MTIJ of recycled uranium 

contained 2.4 g of Pu-239, 86.1 g of Np-237, and 1,954.3 g of Tc-99. 
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F.5.4 WSSRAP 

Tables F.5-4A and F.5-4B present the calculated constituent masses for the Weldon Spring site. Since the 
Weldon Spring site primarily operated using “natural” uranium from ore and ore concentrates, the 

quantity of constituents of concern is minimal when compared to Femald. Essentially all of the 
constituents of concern received and shipped by the Weldon Spring site were associated with the limited 

quantity of enriched materials the site handled. Based on available historical receiving and shipping 

records, the Weldon Spring site handled approximately 840 MTU of enriched recycled uranium (-1% of 

the total material handled). In this enriched stream, the calculated constituent masses for Pu, Np, and Tc 

are 2.4 g, 325 g, and 7,200 g respectively with the majority of these constituents flowing between Weldon 

Spring and Femald. 

F.5.5 ENVIRONMENTAL RELEASES 

Table F.5-5 present calculated constituent masses for environmental releases from all four sites addressed 

by the DOE Ohio Field Office Recycled Uranium Report. This table was compiled using best 

engineering judgement to select constituent values and is based on information/data presented in 

Appendix E concerning the site’s historical environmental releases. It is important to note that RMI has 

indicated that they had no significant environmental releases during the facility’s operational period and 

that West Valley’s environmental releases were not comprised of recycled uranium and therefore, not the 

subject of this report. 

F.6 CONSTITUENT MASS BALANCE RESULTS 

F.6.1 FEMP 

Tables F.5-1A and F.5-1B provide calculated constituent receipts and shipments data to and from the 

FEMP, respectively. In order to understand the constituent balance for the site more thoroughly, three 

figures have been presented below. The FEMP received recycled uranium directly from source sites, 

such as Hanford, and also received source site recycled uranium from other DOE sites, such as the A508 

UOs shipped from the Paducah site. However, a significant quantity of FEMP recycled uranium receipts 

were actually returned shipments from the FEMP. Further processing of the FEMP product enriched 

metal by the RMI site resulted in processing scraps and residues being returned from RMI to the FEMP 

totaling 17,136.5 metric tons uranium. Similar return of scrap metal and processing residues from the 
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0 
Hanford site accounts for 7,836.2 metric tons uranium. Since these streams are essentially recycling 

loops, the graphics below illustrate more realistic representations of actual recycle constituent masses that 

were received from sources. These values are more accurate for use in performing mass balances of 

recycle constituents across the DOE Complex. 

The plutonium mass balance for the FEMP illustrates a net 4.03 grams difference when shipments and 

inventory are removed from receipts. This value is less than 4 percent of source site receipts and well 

within the accuracy limitations of the data set and the process knowledge-based application of the data 

set. 
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The neptunium balance for the FEMP illustrates a net -2,123.g grams difference when shipments and 

inventory are removed from receipts. This value is -12.9 percent of source site receipts, but also likely 

within the accuracy limitations of the data set and the process knowledge-based application of the data 

set. 

Neptunium 
_____-------w-m- 

FEMPRezyzh I 
I c 

W--PI 

I Rw=u7s3# 6 1 z-hdwd=zsl~ 9 
I 
I FEMP SITE I 

,s45,.4 (I I- htatuhlhv*ry =F ./ nss1.3 9 
I L r\ c*s.2* g wuta h-y I 3 
I 3ss.n g I 
I I 
I I 
I ----- -----__---- 

DOE Ohio Sites Uranium Recycled Project Report 
FINAL 

F-27 May 15,200O 



The technetium balance for the FEMP illustrates a net -9,584.7 grams difference when shipments and 

inventory are removed from receipts. This value is -6.1 percent of source site receipts and well within the 

accuracy limitations of the data set and the process knowledge-based application of the data set. 

Technetium 

F.6.2 &I 
L.----------------I 

The constituent mass balance for the RMI site reflects essentially no difference between receipt and 

shipment values for any of the three tracked constituents. 

Since the West Valley site was a source site, there is no receipts calculation. Shipments reflect only a 

small quantity of constituent, due to the limited mass of recycled uranium produced. 

F.6.4 WSSRAP 

The constituent mass balance for the Weldon Spring site reflects essentially no difference between receipt 

and’shipment values for any of the three tracked constituents. Since the use of recycled uranium at the 

Weldon Spring site has not been definitely ascertained, the values may overstate site involvement with 

recycled uranium. Enriched uranium processing at the site is known to have been a very minor quantity 

of site production, representing less than 3 percent of total production. 

F.6.3 WVDP 
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Table F.5-1A Calculated Constituent Masses for FEMP Receipts 

GiXOlS 
I 1 Pu-239 1 Np-237 1 Tc-99 Pu-239 1 Np237 1 Tc-99 

108.Raidua 1 7.836.2 1 4.297 1 372.03 I 7.049.36 33.7 1 2.915.3 1 55.240 2 
1 8.55233 34.1 1 4.596 I 1 101.055 2 

Chemical Form(s) 

1 Depleted I 1 

0.0 0.0 0.0 
9.12 0.2 90.6 3254 

bcky Flats I Mnal 1.318.2 1 0.007 2.54 9.12 00 3.3 12.0 
Savannah River Metal 1 1.6-59.6 1 0.007 2.54 9.12 0.0 4.2 15.2 
Wcldon SprhR I Mcd.UF4.UO3 1 5.1 1 0.502 54.90 20161 0.0 0.3 1.0 

.a37 2.54 9.12 0.0 0.4 1.3 

Jar. I  ,  ,  “a”.‘ ,  ,  _ I . . “ .  ,  - . .  ,  , . . -  ,  --.._ 

)akRidge(Y-12) Metal 1 21.4 1 0007 1 2.54 1 9.12 1 0.0 1 0 1 t 02 
67.09 1 26.55 1 4.7 1 3.480.1 1 1.3772 

DOE Ohio Sites Uranium Recycled Project Report 
FINAL 

F-29 May 15,200O 



Table F.5-1B Calculated Constituent Masses for FEMP Shipments 

I I I I ^ . ._ I Constituent I Constituent I 
Isotopic Range Receiving Site 

Enikhed Hanford 

Chemical Form(s) 

MCUI 

yunnuty 01 
RLJ, MTU 

VCdUCS M!aau 

rmb Gnlln 
Pu-239 1 Np-237 1 Tc-99 Pu-239 1 Np-237 1 Tc-99 

11.467 .5 1 1.165 1 263.48 1 447.81 1 20.3 1 4602.3 1 7.8221 
I 0.0 1 0.m 1 0.00 1 0.00 1 0.0 I 0.0 I 00 

) 1 0.00 1 0.00 1 0.0 I 0.0 I 00 

, 8.552.23 0.0 0.8 190 
I 8552.23 11.5 1.544.7 33.962.6 

_.“._...” .._. ““..-* . . . . . , . . . . .“., _“<, . . . . . ““.,, , A..,“7 , ,.“.,I 8.552.23 2.4 325.8 7.162 5 
Enriched I west Valley I 1 00 Io.owI 0.00 0.00 0.0 0.0 00 
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Table FS-1C Calculated Constituent Masses for FEMP Nuclear Materials Inventory 

I Isotopic Range 
I 

Material 

Enmhcd I 1.25% Derbit 
0.95% Ingots 1.2 I 9.305 I 311.97 I 1721 

I Enriched I > 1 .OO% Recycle 
I ,-,r\e I nc 

Enriched 
Enriched 
EllriChed 
EtVlChed 
Enriched 
Enriched 

“ I V D  “ I ” ”  

uo2 uo2 0.6 23.’ 
0.62 - 1 .OO% uo3 uo3 6.5 20.772 1 

>l.OO - 1.25% U03 uo3 162.3 20.772 498.17 , 
0.72. 1 .OO% UF4 UF4 6.6 23.969 1045.-- ’ 

> 1 .OO . 2.00% UF4 UF4 36.3 2^^“^ . .-_- 
< 1 .OO% Recoverable Residues Metal 6 Oxndes 220.4 2: 

MK31 Derbies Metal 0.6 0.007 1 2.54 9.12 1 0. 
MK31 Inpots Metal 335.6 0.c 

Depleted Der,kted Recycle COES Metal Metal 603.0 396.0 0.007 0.007 I 1 2.54 
Depleted UF4 UF4 1471.9 o--- ’ 

-_ . 

Total Deplewd 2907.1 

uo3 I uo3 0.0 0.091 I 67.09 I 
0.091 1 67.09 1 26.55 I 0 

I In 
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Table F.5-1D Calculated Constituent Masses for FEMP Waste Inventory 

isotopk Range Waste Material 
ausntity of 

Chemical Fwmlsl =,, ,MT,,, 

Calculated 
Constituent 

Mass 

1.577 5.664 
I.069 7.560 27.762 
1.009 1.032 3.790 , 
1.031 3.404 12.500 
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Table F.5-2A Calculated Constituent Masses for RMI Receipts 

Constituent Constituent 
Cbemicnl Form(s) 
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Table F.5-2B Calculated Constituent Masses for RMI Shipments 

Constituent constituent 
Isotopic Range Receiving Site Chemical Form(s) Quantity of 

RU, MTU 
VllUeS MaSs 

Dab Crams 
Pu-239 1 Np237 1 Tc-99 Pu-239 1 Np237 1 Tc-99 

c Enriched Femald Metal. U308. Waste 15973.3 4.297 1 372.03 1 7.049.36 68.6 1 5942.5 1 Il?.M)I 5 
7049.36 399 1 3.4585 1 65.5330 

o.om I 0.00 I 000 

0.091 1 67.09 1 26.55 0.5 I 333.5 I I320 
0.09i I 67.09 I 26.55 I 0.0 I 14.0 I 56 
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a Table F.5-3 Calculated Constituent Masses for West Valley Shipments 

ChemicalForm 
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Table F.5-4A Calculated Constituent Masses for Weldon Spring Receipts 

I I I I I .Constituent I Constituent I 
Chemical Form(s) 

I NOllMl I 1 
NOrmal 1 Other Sitcskdeial Agencies UF4. U03. UF6 I 

Femald 
Hanford 

I UO3. UF4. UF6 I 
1 0.0 

0.00 I 0.00 0.0 0.0 00 

I Depleted Depleted I 1 Savannah 1 River I 00 1 0000 1 0.04 I 0.w 0 0.0 0.0 0.0 00 00 00 
. . ^ ^^ I n nr\n 1 o,oo 1 0.00 0.0 0.0 00 

0.00 1 pm 0.0 00 00 

D&ted I other Sit 
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Table F-54B Calculated Constituent Masses for Weldon Spring Shipments 

Chemical Form(s) 
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Table F.5-5 Calculated Constituent Masses for Environmental Releases 

I Site I Environmental Release I Chemical Form(s) I Calculated 

Quantity of 
Constituent Constituent 

RU.I)lTU = 
VdUeS MSSS 

I I I sob I Grams 
Pu-239 1 Np237 1 Tc-59 1 Pu-239 1 Np237 [ Tc-99 

FEMP@wtinc) 1 Dust Collect< Metal. CornPounds 1 19.4 1 2.884 1 388.97 1 8552.33 1 0.1 1 7.5 I 165 9 I I - S  

FEMP (kwine) Wet Scrubben VtiOUS 21.6 2.884 388.97 1 8551.33 1 0.1 8.4 IS4 7 
FEMP (Routine) Gulping Opmtiom UNH 25 7 2.884 : 
CC\rn m-...:“e) Otb-3 UF6 64 2.884 b,.,, 

. ..._-\ m:,_. ml__. r _L ,“Tl . L nrn. 
“l-0 

UO3JJ308. uo2 
Metal. Cornpow& 

u3os. uo2 
Metal. Compounds 

”  >“L 

2X%9 
2.884 

23.969 
84 817 

m-Prcducdon) Other Airborne Emissions UO?. U308 03 1 16.035 1 1.328.11 1 2.399.22 1 00 04 0: 
FEMP (Liquid) Liquid Efllwnts Met& Cornpad 88.3 I595 

Total FEMP Relnsa 148.9 879.5 
Rhu Airborne Rcicasa Metal. U308 0.0 00 
RMI Liquid Efllwnu Metal. U308 00 
D-1---- 

Valley I Liquid Efllumts I LINH 
a..... 
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Idaho 

Pu=<O.l grams 

Np=O.l grams 

Tc=0.3 grams 

Rocky Flats 

Pu=<O.l grams 

Np=O.l grams 

FIGURE F.5-1A 

CONSTITUENT MASS IN FEMP RECEIPTS - 
ENRICHED URANIUM 
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Oak Ridge Y-12 

Other Sites 

Pu=4.4 grams 
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Pu=7.1 grams 
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FEMP 
Pu=217.7 grams 
Np=25,741.9 grams 
Tc=331,997.5 grams 

Paducah 

/ Pw34.2 grams 

Np=2,567.6 grams 

Tc=15,822.6 grams 

Savannah River 

Pu=14.2 grams 

Np=1,273.4 grams 

Tc=24,806.7 grams Hanford 

Pu=67.7 grams 

Np=7;511.4 grams, 

Tc=l56,295.4 grams 
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Weldon Spring West Valley 

Pu=2.3 grams Pu=1.8 grams 
Np=315.4 grams Np=64.4 grams 
Tc=6,935.1 grams Tc=1,461.4 grams 

RMI 

Pu=73.6 grams 

Np=6,375.3 grams 

Tc=120,801.4 grams 



FIGURE FS-1B 

CONSTITUENT MASS IN FEMP RECEIPTS - 
NORMAL URANIUM 

Oak Ridge K-25 

ntllPr .citf-r 
- . . . - -  . . , . . _ ”  

Pu= 3.2 grams 

Np= 2,362.7 grams 

Pu= CO.1 grams 

Np= 16.5 grams 

Tc= 6.5 grams 

Oak Ridge Y-12 . 

Pu= CO.1 grams 

Np= 1.2 grams 

Tc= 0.5 grams 

Idaho 

Pu- N/A 

Portsmouth 

Pu= CO.1 grams 

Tc= N/A 

Np= N/A 

Pu- CO.1 grams 

Np= 0.3 grams 
Tc= 3.5 grams 

FEMP 
Pu= 4.1 grams 
Np= 3,025.g grams 
Tc= 1,197.4 grams 

RMI 
Savannah River 

IQ= 0.1 grams 

Np= 87.1 grams 

Tc= 34.5 grams 
Weldon Spring 

I 
west Valley 

Pu= CO. 1 grams 

Np= 0.9 grams 

Tc= 0.3 grams 

PII= 0.5 grams 

Np= 335.3 grams 

Tc= 132.7 prams 

Pu= N/A 

Np= NIA 

Tc= N/A 

Hanford 

Pu= 0.2 grams 

Np= 176.8 grams 

Tc=70.0 grams 
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Idaho 

Pu= CO.1 grams 

Np= CO.1 grams 

FIGURE FS-1 C 

CONSTITUENT MASS IN FEMP RECEIPTS - 
DEPLETED URANIUM 

Rocky Flats - 

Pu= CO.1 grams 

Np= 3.3 grams 

Tc= 12.0 grams 

Pu= 0.7 grams 
Other Sites Pu= CO.1 grams 

Np= 77.6 grams 
Pu= CO.1 grams Np= 0.1 grams 

Tc= 284.9 grams 
Np= 10.8 grams Tc= 0.2 grams 

Tc= 38.8 grams 

\ 

I / 

J / 

Oak Ridge K-25 
Oak Ridge Y-12 

/ 

Np= 3,668.7grams 
Tc= 2,060.5 grams \ 

Portsmouth 

Pu= CO.1 grams 

Np= ~0.1 grams 

Paducah 

/ Pu= 4.7 grams 

Np= 3,480.l grams 

Tc= 1,377.2 grams 

Pu= CO.1 grams 

Np= 0.4 grams 

Tc= 1.3 grams 

RMI 

Pu= 0.2 grams 

Np= 90.6 grams 

Tc= 325.4 grams 

Savan,nah River 

Pu= CO.1 grams 

Np= 4.2 grams 

Tc= 15.2 grams Hanford 

Pu= CO.1 grams 

Np= 1.2 grams 

Tc= 4.4 grams 
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Pu= CO.1 grams 

Np= 0.3 grams 

Tc= 1.0 grams 



FIGURE FS-1D 

CONSITUTENT MASS IN FEMP SHIPMENTS - 
ENRICIJED URANIUM 

Idaho 

Tc= N/A 

Other Sites 

Pu= 12.7 grams 

Np= 1,717,5 grams 

Tc= 37,761.5 grams 

Oak Ridge K-25 

Pu= CO.1 grams - 
Np= CO.1 grams 

Tc= CO.1 grams 

Oak Ridge Y-12 

Pu= 0.1 grams 

Np= 12.3 grams 
Portsmouth 

Pu= CO.1 grams Tc= 61,633.4 grams 
Np= 0.8 grams 

Savannah River 

Pu= 11.5 grams 

Np- 1,544.7 grams 

Tc= 33,962.6 grams Hanford 

Pu= 20.3 grams 

Np= 4,602.3 grams 

Tc= 7,822.l grams 
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PEMP \ 
Pu= 180.9 grams 
Np= 20,769.3 grams 
Tc= 333,698.9 grams 

RMI 

Pu= 112.6 grams 

Np= 9,751.l grams 

Tc= 184,768.0 
Weldon Spring. 

Pu= 2.4 grams 

Np- 325.8 grams 

Tc= 7,162.S grams 

West Valley 

Pu= NIA 

Np= NIA 

Tc= N/A 

grams 



FIGURE FS-1 E 

CONSITUTENT MASS IN FEMP SHIPMENTS - 
NORMAL URANIUM 

Idako 

Pu= CO.1 grams 

Np= ~0.1 grams 

Tc= ~0.1 grams 

Other Sites 

Pu= 1.6 grams 

Np- 1,206.O grams 

Pu= CO.1 grams 

Np= 0.9 grams 

Tc= 0.4 grams 

Pu= CO.1 grams 

Np= 7.2 grams 

Tc= 2.9 grams 

+ 
Rocky Flats 

Pu= N/A 

Oak Ridge K-25 
Oak Ridge Y-12 

Portsmouth 

Pu= 0.1 grams 

Np= 47.1 grams 

‘I’r= 18.6 gr:ms 

Np= NIA FEMP 
Pu= 7.7 grams 
Np= 5,683,s grams 
Tc= 2,249.3 grams 

RMI 

PO= 0.4 grams 

Np= 267.2 grams 

Tc= 105.7 grams Hanford 

Pu= 2.8 grams 

Np= 2,065.6 grams 

Tc= 817.4 grams 

Weldon Spring 

Pu= NIA 

Np= N/A 

Tc= NIA . 

West Valley 

Pu= N/A 

Np= N/A 

Tc= NIA 

Pa= 0.5 grams 

Np= 351.3 grams 

Tc= 139.0 grams 

Flil~\UllhNIUhl\FIGURliS\I:IC;F5-IE.Pl~l\Mn)' 13,200O 4:01 PM 



FIG&E F.5-1F 

Idaho 

Pu= CO.1 grams 

Np= 0.2 grams 

Tc= 0.8 grams x 

Rocky Flats 

Pu= CO.1 grams f--- 

Np= 13.6 grams 

Tc= 48.8 grams 

CONSITUTENT MASS IN FEMP SHIPMENTS - 
DEPLETED URANIUM 

Other Sites 

Pu= 0.1 grams 

Np= 39.3 grams 

Tc= 141.3 grams 

Savannah River 

5 

Pu= CO.1 grams 

Np= ~0.1 grams 

Tc= 10.1 arams 

Oak Ridge Y-12 

Pu= 0.1 grams 

Np= 23.9 grams 

Tc= 85.6 grams 

f 

/ 
FEMP 

Pu= 2.4 grams 
Np= 424.8 grams 
Tc= k541.3 grams \\\- 

Pu= 0.2 grams 

Np= 61.5 grams 

Tc- 220.6 grams Hanford , 

Pu= CO.1 grams 

Np= 0.3 grams 

Tc= 1.1 grams 

Weldon Spring 

Pu= CO.1 grams 

Np= ~0.1 grams 

Tc= <O.l grams 

West Valley 

Pu= NIA 

Np= N/A 

Tc= NIA 
1w1\1 l l\Fl(iUllliS~I~l~il~~-II~.l’l’~l\hlay 13.1000 4:lO I’hl 

Portsmouth 

Pu= CO.0 grams 

Np= 0.1 grams 

Tc= 0.2 grams 

Paducah 

/ Pu= 1.8 grams 

Np= 195.2 grams 

Tc= 716.7 grams 

\r 
RMI 

Pu= 0.3 grams 

Np= 91.1 grams 

Tc= 327.2 grams 


